The aims of this study were to: 1) compare early diastolic mitral annular velocity (E=) of septal annulus (SE=) with E= of lateral mitral annulus (LE=) and right lateral tricuspid annulus (RE=) in patients with constrictive pericarditis (CP) and restrictive cardiomyopathy (RCM); and 2) assess the relationship between pericardial thickness measured by computed tomography and lateral E= velocity. 
T he differentiation between constrictive pericarditis (CP) and restrictive cardiomyopathy (RCM) is clinically challenging even after careful physical examination and extensive tests because of their similarities in clinical presentation and hemodynamic data. Several Doppler and tissue Doppler parameters have been shown to be useful in differentiation of these 2 diseases (1-4).
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One of the most helpful diagnostic echocardiographic parameters is the paradoxical increase in the peak early diastolic velocity (E=) of septal annulus in CP, which is most likely related to the exaggerated longitudinal motion of interventricular septum compensating for the limited motion of the lateral annulus by the constricting pericardium (1, 2, 5) .
However, there has been 1 report regarding a reversed relationship between lateral mitral E= (LE=) and septal annular E= (SE=) in 14 patients with CP (6) . Because the adhesion of the pericardium and myocardium of the lateral wall of both ventricles could restrict both mitral and tricuspid lateral annular motion, these velocities might be smaller than SE=, and the thickness of left-and right-side pericardium would have an influence on LE= and right lateral tricuspid annulus early diastolic velocity (RE=), respectively. Therefore, the aims of this study were 2-fold. The first aim was to compare SE= with LE= and RE= in patients with CP and RCM. The second aim was to assess the relationship between maximal pericardial thickness measured by computed tomography (CT) on the left-and rightside heart and their respective lateral E= velocities.
M E T H O D S
Study population. Seventy-two patients (37 patients with CP and 35 patients with RCM) and 70 normal control patients were consecutively evaluated in this study, according to the following inclusion criteria, between January 2006 and September 2009 at our cardiovascular center by a designated observer. Patients with CP included those with heart failure who were diagnosed with CP according to the both echocardiographic criteria and evidence of thickened pericardium (thickness Ͼ3 mm by contrastenhanced CT) or surgically confirmed during pericardiectomy or cardiac catheterization to measure the hemodynamic and show equalization of pressure. We measured the maximal pericardial thickness of both lateral sides of the left and right ventricles on axial sections in a 4-chamber view by contrast-enhanced CT (Fig. 1) . If the minimal pericardial thickness was more than 3 mm, we defined it as "diffuse." In the case of thickened pericardium with significant effusion, the thickness was determined as the sum of the thicknesses of parietal pericardium and visceral pericardium excluding the thickness of pericardial effusion.
Echocardiographic criteria for CP included plethora of inferior vena cava, abnormal bouncing motion of interventricular septum, and respiratory variation of atrioventricular inflow velocities, as well as increased expiratory hepatic vein flow reversal, as previously described (7) .
The RCM group included patients who were diagnosed as having RCM according to both echocardiographic evaluation and microscopic findings of endomyocardial biopsy compatible with RCM. In addition, we included normal controls who had neither abnormal echocardiographic findings nor symptoms of heart failure.
This research investigation was approved by the ethical committee of the Institutional Review Board of our hospital, and written informed consent was waived. Echocardiography. Conventional 2-dimensional echocardiographic examinations were performed using an Acuson Sequoia C512 (Siemens, Malvern, Pennsylvania) or a Vivid 7 system (GE Vingmed, Horten, Norway) with a 3.5-MHz transducer. Examinations included measurements of left ventricular dimensions, ejection fraction, and indexed left atrial volume according to the published recommendations (8, 9) . The following parameters of mitral inflow were recorded on apical 4-chamber views: peak early velocity (E), peak late diastolic velocity (A), E to A ratio, and mitral E-wave deceleration time. The peak velocities of the mitral annulus during early and late (A=) diastolic period were obtained using sample volumes of 5 mm at the septal and lateral corners of the mitral annulus on apical 4-chamber views, which corresponded to SE= and septal A= and LE= and lateral A= velocities. Tricuspid RE= and A= velocities were also obtained at the lateral corner of the tricuspid valve annulus on apical 4-chamber views (Fig. 2) . Each of the conventional Doppler and tissue Doppler parameters was measured and averaged over 3 consecutive beats. Changes in mitral and tricuspid inflow and hepatic venous flow were plotted, along with respiratory cycles. Significant respiratory variation in mitral and tricuspid inflow was defined as Ͼ25% and Ͼ45% changes in E velocity, respectively, during inspiration and expiration (7). Significant respiratory change in the hepatic vein reversal flow was defined as reversal of diastolic flow Ͼ25% of forward flow during expiration. Statistical analysis. Statistical analysis was performed with SPSS version 17.0 (SPSS Inc., Chicago, Illinois). Data are presented as mean Ϯ SD or frequencies. Comparison of categorical variables was performed using the chi-square test. Intrapersonal comparison of SE=, LE=, and RE= was analyzed with 2-way analysis of variance with Bonferroni correction. Comparisons between groups were performed with 1-way analysis of variance, followed by post hoc analysis with Bonferroni correction. Receiver operating characteristic (ROC) curve analysis was used to identify parameters that were best to diagnosis CP. Optimal cutoff values were taken when the sum of sensitivity and specificity was highest. Pairwise comparison of the ROC curve was also performed using z-scores (10) . Multivariable logistic regression analysis using a stepwise approach and ROC curve analysis using c-statistics were performed to evaluate which parameters were independently related to the diagnosis of CP. A value of p Ͻ0.05 was considered significant. Spearman correlation analysis was used to evaluate the trends between annular velocities and pericardial thickness of each side of ventricle.
R E S U L T S
Patients. A total of 142 patients (90 men; mean age 51 Ϯ 15 years) were analyzed. Clinical characteristics of each group (37 with CP, 35 with RCM, and 70 controls) are summarized in Table 1 . There were no significant differences in clinical characteristics including sex and history of diabetes mellitus, hypertension, and dyslipidemia. There were 3 patients with chronic CP and 34 with subacute CP. There were 14 patients with effusive CP and 23 with noneffusive CP. CP was surgically confirmed during pericardiectomy in 13 patients. CP was confirmed in 9 patients by cardiac catheterization to measure the hemodynamics and show equalization of pressure. Etiologies of CP were tuberculous pericarditis (n ϭ 11), previous cardiac surgery (n ϭ 9), and idiopathic (n ϭ 17). RCM were confirmed in 35 patients by cardiac biopsy; RCM was due to cardiac amyloidosis (n ϭ 32) or endomyocardial fibrosis (n ϭ 3). Echocardiographic findings. Echocardiographic findings are summarized in Table 2 . Left ventricular end-diastolic and end-systolic dimensions in CP were considerably reduced compared with those in the other 2 groups. Left ventricular ejection fraction in patients with RCM was relatively low compared with that in the other 2 groups (ejection fraction in RCM 54 Ϯ 12%; normal 64 Ϯ 5%; and CP 62 Ϯ 5%; p Ͻ 0.001). Right atrial size and indexed left atrial volume were significantly larger in patients with CP and RCM as expected compared with those in the normal group. There were significant differences in tissue Doppler parameters among the 3 groups. Mean LE= and RE= velocities were Measurement of the left-and right-side pericardial thickness at the atrioventricular groove near the mitral annulus and tricuspid annulus and measurement of early diastolic annular velocity at the right lateral tricuspid annulus (RE=) and left lateral mitral annulus (LE=). (A) The pericardium was more thickened on the right side (3 mm of visceral pericardium and 4 mm of parietal pericardium) compared with the left-side pericardium (3 mm of thickness), and RE= was less than LE=. (B) On the contrary, left-side pericardium (10 mm) was more thickened than right-side pericardium (3 mm), and RE= was higher than LE=.
greater than SE= velocity in patients with RCM (LE= 6.1 Ϯ 1.9 cm/s; RE= 8.6 Ϯ 2.8 cm/s; and SE= 4.6 Ϯ 1.3 cm/s; p Ͻ 0.001) and in the normal group (LE= 13.4 Ϯ 3.4 cm/s; RE= 12.7 Ϯ 3.3 cm/s; and SE= 9.9 Ϯ 2.0 cm/s; p Ͻ 0.001). However, LE= (11.0 Ϯ 3.2 cm/s; p ϭ 0.280) was not significantly different than, and RE= (9.5 Ϯ 4.3 cm/s; p Ͻ 0.001) was even smaller than SE= (11.8 Ϯ 3.0 cm/s) in patients with CP (Fig. 3, Table 2 ). Comparison among the 3 groups revealed that SE= was higher in patients with CP (11.8 Ϯ 3.0 cm/s) than in patients with RCM (4.6 Ϯ 1.3 cm/s; p Ͻ 0.001) and in normal controls (9.9 Ϯ 2.0 cm/s; p Ͻ 0.001). LE= and RE= in patients with CP (LE= 11.0 Ϯ 3.2 cm/s; RE= 9.5 Ϯ 4.3 cm/s) were lower than those in normal controls (LE= 13.4 Ϯ 3.4 cm/s; RE= 12.7 Ϯ 3.3 cm/s; p Ͻ 0.001). Mean LE= values were significantly lower in patients with RCM compared with those in the other groups. Although not statistically significant, mean RE= in patients with RCM tended to be lower than that in patients with CP. Therefore, mean LE=/SE= and RE=/SE= in patients with CP were 0.94 Ϯ 0.17 and 0.81 Ϯ 0.26, respectively, which were significantly lower than those of both patients with RCM (LE=/SE= 1.35 Ϯ 0.31; RE=/SE= 1.96 Ϯ 0.71; both p Ͻ 0.001) and normal controls (LE=/SE= 1.36 Ϯ 0.24; RE=/SE= 1.30 Ϯ 0.32; both p Ͻ 0.001). Interestingly, there was an additional difference in the mean values of RE=/SE= between patients with RCM and those in normal controls.
According to the ROC curve analysis, LE=/SE= could efficiently differentiate CP from the other groups with a cutoff value of 1.13 (sensitivity 86%, specificity 83%, area under the curve 0.914, 95% confidence interval [CI]: 0.87 to 0.96, p Ͻ 0.001), and RE=/SE= could also differentiate with a cutoff value of 1.08 (sensitivity 84%, specificity 87%, area under the curve 0.93, 95% CI: 0.88 to 0.97, p Ͻ 0.001). There were statistically significant differences between area under ROC curves of SE= and LE=/SE= (z ϭ 2.56, p ϭ 0.011) and SE= and RE=/SE= (z ϭ 3.08, p ϭ 0.002). These diagnostic properties were similar in patients younger than 50 years. However, the area under ROC curve of SE= was lower than those of both LE=/SE= and RE=/SE=, especially in patients younger than 50 years. In addition, SE= in patients with previous cardiac surgery could not statistically differentiate CP from other groups (Fig. 4) . Multivariable analysis using a stepwise approach was performed to find regression models that best differentiated CP from the other groups, including parameters of patient age, left ventricular ejection fraction, SE=, LE=/SE=, and RE=/SE=. Reduced LE=/SE= (odds ratio [OR] per 0.1 increment of LE=/SE=: 0.32, p Ͻ 0.001, 95% CI: 0.17 to 0.58) and reduced RE=/SE= (OR per 0.1 increment of RE=/SE=: 0.53, p Ͻ 0.001, 95% CI: 0.39 to 0.73) were independently associated with diagnosis of CP. Increased SE= (OR: 1.2, p ϭ 0.14, 95% CI: 0.94 to 1.6) was not independently associated with diagnosis of CP. In ROC curve analysis of multivariable model including RE=/SE=, LE=/SE=, and SE=, area under the curve was 0.98 (95% CI: 0.94 to 1.00), which was significantly greater than that of Values are presented as mean Ϯ SD. *p Ͻ 0.05 versus RCM. †p Ͻ 0.05 versus normal group. A ϭ late diastolic transmitral filling velocity; E ϭ early diastolic transmitral filling velocity; IVS ϭ interventricular septum; LA ϭ left atrium; LA= ϭ late diastolic lateral mitral annular velocity; LE= ϭ early diastolic lateral mitral annular velocity; LV ϭ left ventricular; PW ϭ posterior wall; RA= ϭ late diastolic right lateral tricuspid annular velocity; RE= ϭ early diastolic right lateral tricuspid annular velocity; SA= ϭ late diastolic septal mitral annular velocity; SE= ϭ early diastolic septal mitral annular velocity; other abbreviations as in Table 1 .
Figure 3. Comparison of E= Velocities According to Group
Comparison of LE=, SE=, and RE= in (left) normal, (center) CP, and (right) restrictive cardiomyopathy (RCM). *p value comparing 3 annular velocities using 2-way analysis of variance. †p value from post hoc analysis using Bonferroni correction. Abbreviations as in Figure 2 . Table 3 . Maximal pericardial thickness was 7.0 Ϯ 2.6 mm on the left and 8.2 Ϯ 3.1 mm on the right in patients with CP. Distance between annulus and maximal thickness was 21.9 Ϯ 13.2 mm on the left and 17.1 Ϯ 13.2 mm on the right. There was a significant inverse correlation between right pericardial thickness and RE= ( ϭ Ϫ0.489, p ϭ 0.002) and similar but statistically insignificant trend between left pericardial thickness and LE= ( ϭ Ϫ0.284, p ϭ 0.089). The ratio of left pericardial thickness and right pericardial thickness showed a strong inverse correlation with LE=/RE= ( ϭ Ϫ0.726, p Ͻ 0.001) (Fig. 5 ).
D I S C U S S I O N

Reduced lateral annulus velocity in constriction.
The main finding of this study was that velocities of both LE= and RE= were relatively reduced in comparison with that of SE= in patients with CP, whereas LE= and RE= were approximately 30% to 90% higher than SE= in normal controls and in patients with RCM. Accordingly, LE=/SE= and RE=/SE= were reduced with a reversed relationship between lateral and septal E= velocities in patients with CP compared with both normal controls and patients with RCM. Our finding suggests that the reduction or reversal of LE=/SE= and RE=/SE= is a helpful additional diagnostic feature for CP. Because SE= is usually Ͼ10 cm/s in young individuals, the reduced ratio due to decreased lateral annulus velocities is especially helpful in young patients.
Mechanism of reduced lateral annulus velocity in con-
striction. In normal controls without heart disease, LE= is always higher than SE=, and this might be partly due to the smaller distribution of longitudinal fibers in the interventricular septum compared with that in lateral wall (11) (12) (13) . The motion of lateral free wall might be preserved because of the lubricating effect of the normal pericardium. In this study, we showed that left pericardial thickness/right pericardial thickness is inversely correlated with LE=/RE=. It appears that as the thickness of the pericardium increases, its lateral E= becomes smaller. Thus, the limitation of lateral wall due to the adhesion of constricting pericardium may result in a reduction in the LE= and RE=, although SE= would increase because of the exaggerated longitudinal motion in CP.
Previous studies and clinical implications. E= velocity, which is known as a noninvasive marker of myocardial relaxation, was shown to be increased in patients with CP in previous studies (2, 4, 14) . This increased E= in patients with CP is opposite to the reduction in E= in patients with RCM, whereas CP and RCM both result in heart failure with preserved ejection fraction. Although in most studies, the increased mitral E= in patients with CP was documented in the septal annulus, the initial observation of increased E= was made using measurement at the lateral annulus (14) . This initial observation was similar to our results that LE= velocity was higher in patients with CP than that in patients with RCM mainly because of a more pronounced reduction of LE= in patients with RCM. In that study, however, there was no significant difference in LE= between patients with CP and normal controls, and no SE= was measured (14) . Therefore, these reduced LE=/ SE= and RE=/SE= ratios would provide more confidence in the discrimination of CP versus normal, especially in young patients, who have normally increased SE=, and in patients with previous cardiac surgery, who have transient and iatrogenic adhesion of pericardium. Interestingly, LE=/SE= and RE=/SE= were independently associated with distinguishing CP from RCM and normal. This implies that pericardial adhesion could reduce the motion of both left and right ventricular free walls, but its extent of influence on each side might be variable in individual patients. Thus, measurement of LE=, RE=, and SE= might be needed to evaluate CP more properly.
In a recent study that analyzed displacement of lateral wall via quantitative tissue Doppler imaging, motion of outer layer myocardium adjacent to visceral pericardium was proven to be reduced in patients with CP (15). The rationale was quite similar to the current study in that the reduced free wall motion by pericar- dial adhesion could identify CP. Most importantly in clinical practice, the measurement of these tissue Doppler parameters is quite simple and available widely without sophisticated equipment for the analysis. Thus, these new and simple indexes would be useful in our clinical evaluation of patients with heart failure and normal ejection fraction. Study limitations. First, the number of patients was relatively small. To avoid overfitting of regression models in this study, we had to made multivariable models with only 3 variables for the diagnosis of CP; more complex models were not possible. Second, not all of the patients with CP were evaluated with cardiac catheterization or surgical inspection. However, in addition to clinical and echocardiographic findings, radiological study of contrast-enhanced CT was used to support the diagnosis of CP. Third, the majority of the study patients with RCM had cardiac amyloidosis as a underlying etiology, which could limit the generalizability of our results to other patients with RCM. Fourth, although we enrolled consecutive patients to reduce the selection bias for normal controls, the comparison of mean values and ROC analysis may have overestimated statistical significances because normal controls did not have any symptoms of heart failure. Excluding normal patients for ROC curve analysis might have canceled the statistical differences between area under ROC curves of LE=/SE= or RE=/SE= and SE=. Finally, because we included only the patients with increased pericardial thickness by CT, the diagnostic utility of LE=/SE= and RE=/SE= ratios may not be relevant to patients with CP and normal pericardial thickness.
C O N C L U S I O N S
The ratio between lateral (both mitral and tricuspid) and septal annuli velocities is significantly reduced or reversed in patients with CP compared with that in normal controls and patients with RCM so that the reduced ratios of LE=/SE= and RE=/SE= appear to be a useful diagnostic parameter for CP. Moreover, the reduced LE= and RE= are associated with respective pericardial thickness validating the hypothesis that the reduction in lateral annulus E= velocity is related to pericardial adhesion. Hence, these tissue E= velocity ratios appear to be useful for the discrimination of CP from both patients with RCM and normal patients.
Further evaluation of these indexes as a marker for the successful treatment of CP is warranted. 
